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THE MINUTE CHANGES PRODUCED IN LEUKEMIC TISSUES BY 
EXPOSURE TO RONTGEN RAYS.1 
By Aldrf.d Scott Warthin, Pii.D., M.D., 
PROFESSOR Of PATHOLOOT IN THE CNIVER8ITT OP MICHIGAN, ANN ARDOB, MICHIGAN. 
(From tho Pathological Laboratory, Ann Arbor, Michigan.) 
The changes produced by Rontgen irradiation in the blood- 
forming organs of experimental animals have been fully described 
by Heineke, myself, and other observers. In previous reports1 
the writer has also described the changes produced in the tissues of 
leukemic patients by prolonged exposure to these rays. Since 
that time he has had additional opportunities of examining the 
tissues of leukemic eases treated in this manner, in all the 
autopsy material of eight cases of myelcmia, two of lymph- 
cmia, three of Hodgkin’s disease, and a number of lymph nodes 
and spleens taken from such eases. These eases present, there¬ 
fore, a varied range insofar ns the period of irradiation is con¬ 
cerned; in some, the tissues show the early action of the rays; in 
others, the changes are those produced by irradiation extended 
over periods of one year, eighteen months, and two years. As a 
result of this study, it has been possible to separate the immediate 
and remote effects of the irradiation, and to distinguish the changes 
so produced into two classes: immediate or degenerative and reactive. 
A number of interesting observations have been made during the 
investigation, and it seems worth while to present here in condensed 
form the total results of these observations. 
The immediate action of Rontgen rays upon the tissues of leuk¬ 
emia is a degenerative one. Cells nre cither killed outright or arc 
so damaged that they die within a short period, both cell body 
and nucleus showing rather specific changes, so that it is possible 
to distinguish these degenerative changes from those produced in 
leukemic tissues by infections or other injurious agents. The cells 
so injured arc the small and large lymphocytes, myelocytes, myelo¬ 
blasts, large lymphocytes, and to • some extent, also, the poly- 
nuclears. After a prolonged period of irradiation there comes an 
apparent period of adjustment to this destruction, the tissues con¬ 
tain fewer evidences of cell death and degeneration, but also fewer 
proliferating cells, In the blood-stream the number of white cells 
may decrease to normal or below normal; but it may, on the other 
hand, steadily rise until the number is much greater than before 
the irradiation, that is, a leukemic condition of the blood may be 
reduced to an aleukemic under the progress of the treatment or 
' Presented before the 8ectloa of General Pathology, XVII International Congress of MedU 
cine, London, August, 1913. 
* International Clinics, 1000; Trans. Amcr. ROntgen Ray Soc., 1000. 
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the reverse may take place. In the cases dying after prolonged 
treatment with Rontgen rays the character of the cells in the spleen, 
lymph nodes, and bone-marrow is different from that of these 
organs in patients who have received no Rontgen-ray treatment.' 
Upon these differences wo base our description as follows: 
I. Degenerative Changes. As the result of single exposures, 
or of several within a relatively short period of time, the tissues of 
the lymph nodes, spleen, and bone-marrow, in the order given, 
show patches of degenerating cells, os manifested by nuclear frag¬ 
mentation and swelling of the celll. In the earliest cases the nuclear 
membrane of the cells (lymphocyte, myelocyte, etc.) is preserved, 
the nucleus swollen, with fragmentation of its chromatin, into 
spherical granules of varying size. The protoplasm may show no 
changes or become clearer, often vacuolated. The cell so damaged 
does not show these changes immediately after the irradiation, but 
usually within ten to fourteen days. The injured cells then rapidly 
split up into fragments, all traces of the protoplasm are lost, and 
only the chromatin granules remain, often as “chromatin dust.” 
This injury to the cell is not a diffuse one; apparently only certain 
cells are affected, ns many cells apparently normal are found near 
the degenerating cells. In the lymph nodes the degenerating cells 
may be found especially in the germ centres if these are still pre¬ 
served, but after a time they are found all thorough the node. 
Repeated exposures cause an increase in the number of the degen¬ 
erating cells, the greater part of the gland may become necrotic, 
in some glands all cells may be killed, and a caseous detritus finally 
takes the place of the cells of the node, the connective-tissue 
capsule gradually becoming thicker. These changes are more 
marked in the lymph nodes of Hodgkin’s disense and lymphemia 
than in those of myelemia. In the spleen the reverse is apparently 
true; the myelemic spleen shows greater cell-degeneration and cell- 
necrosis than does the iymphcmic spleen. The atypical myeloid 
cells in this condition suffer chiefly, especially the large bone- 
marrow lymphocytes, or myeloblasts. The myelocytes and cells 
of the type of bone-marrow giant cells also are easily killed and 
disappear, until finally all atypical myeloid cells in the spleen may 
be entirely absent, and the spleen appear as a fibroid organ con¬ 
taining scattered lymphoid cells. The reduction in size of the 
myelemic spleen may, therefore, be considerable, and in our experi¬ 
ence is always greater than that of the lymphemie spleen. Similar 
degenerative changes occur in the bone-marrow, but are less marked. 
It is much more apparent in myelemia than in lymphemia. 
Lymph nodes removed some months after continued irradiation 
for short periods daily show in lymphemia and Hodgkin’s disease 
many large cells containing a diffusely staining or granular proto¬ 
plasm. Arens of cells containing numerous fat droplets begin to 
appear, and finally the nodes may contain large areas of fatty 
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degeneration. The vacuolated cells may ultimately go to pieces 
and large fat droplets remain in the tissue detritus. Cholesterin 
crystals soon form in these, so that it is not uncommon to find in 
the irradiated glands of lymphemia and Hodgkin’s disease areas of 
caseation containing fat droplets and cholesterin clefts. Even under 
the continued irradiation, foreign-body giant cells may develop 
in these areas. In some glands all of the cells finally assume the 
type of large, pale lymphocytes, with vacuolated protoplasm. 
The writer h’as never found these fatty changes in the lymph nodes 
of myelemic cases, 
■ In the blood-smears made from myelemic and lymphemic pntients 
the reduction in the number of white cells with a great increase 
in the number of degenerating forms are the chief changes observ¬ 
able. The reduction in lymphemia is not as striking ns it is in 
myelemia; on the contrary, the number of small lymphocytes in 
the blood may steadily rise in spite of the irradiation; and in one 
case of Hodgkin’s disease irradiated over a long period of time, the 
blood which showed no leukemic characteristics at the beginning of 
the irradiation gradually took on the characteristics of a lymphatic 
leukemia, with great numbers of large lymphocytes in the circulat¬ 
ing blood. There is apparently a limit to the degenerative action 
upon the white cells and blood-forming organs during irradiation; 
and after a certain time some adjustment or reaction to the irra¬ 
diation apparently takes place. 
II. Reactive Changes. The reactive changes are shown by a 
diminution in the number of degenerating and necrotic cells in the 
blood-forming organs, and in a change in the type of cells forming 
the bulk of these tissues. In lymphemia and Hodgkin’s disease 
the reaction takes place much more quickly than in myelemia. 
Around the necrotic glands in the first-named condition there is 
regenerated a new and atypical lymphoid tissue characterized by 
a great number of atypical large lymphocytes, of a character 
resembling the maternal lymphocytes of hyperplastic germ centres, 
seen in chronic inflammations of the tonsils and other lymphoid 
tissues. These cells have a granular cytoplasm, staining more 
heavily with cosin and hematoxylin, and with granular nuclei. 
This newly formed atypical lymphoid tissue may infiltrate the cap¬ 
sule of the lymph node and extend into the necrotic area, replacing 
it in part; or if it begins within the lymph node it may infiltrate 
through the capsule into the surrounding tissues. New areas of 
atypical lymphoid tissue develop in the cervical, axillary, and 
prevertebral adipose tissue. In these new areas vacuolated cells 
are very common, as are also large, pale cells of endothelial type. 
Collections of hyperchromatic cells with large irregular nuclei occur 
throughout this new tissue. In the lymph- and bloodvessels of this 
tissue there is a great increase in cells of the atypical lymphocyte 
character. 
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In the case of myelemia treated over long periods of time the 
peripheral lympli nodes may show at death little change except a 
poverty in germ centres and an nbsencc of cells of the bone-marrow 
group. The retroperitoneal hcmolyinph nodes may show a marked 
hyperplasia of atypical cells resembling the large lymphocytes of 
the bone-marrow. All distinction between the cords and trube- 
cu]re and sinuses is lost; the entire gland is made up of densely 
packed cells that infiltrate through the capsule and into the neigh¬ 
boring fat tissue. The bloodvessels may or may not show any 
increase in the number of white cells, but usually contain cells of 
the large lymphocyte type. No other cells of the bone-marrow 
group are found in these hyperplastic prevertebral glands. 
I have not found in my cases ns marked an atypical regenera¬ 
tion of leukoblastic tissue in the spleen ns in these glands. In 
some cases the spleen is fibroid to the end, with few or no cells 
that can be regarded as myeloid in type. In two cases large areas 
of caseous necrosis, hemorrhages, and anemic infactions, associated 
with thrombosis of the splenic vessels, were present. One case 
showing these changes in a marked degree died from a rupture of' 
a splenic artery, the spleen at autopsy being embedded in n large 
clot proceeding from a small opening in the capsule of the organ 
communicating with a small-sized artery. The arteries of the 
spleen showed an obliterating endarteritis, and the mnjority of the 
smaller vessels were thrombosed. No myeloid tissue was present 
in the organ, although the other organs of the body presented the 
usual appearances of leukemia. 
The changes in the bone-marrow resemble those in the retro- 
' peritoneal hcmolyinph nedes in those cases in which the leukemic 
condition of the blood had changed to an aleukemic under the treat¬ 
ment. Cells of myeloid type were present in greater numbers, but 
the chief cell of the marrow wa3 the large pale lymphocyte (myelo¬ 
blast?). In no case treated by Kontgen irradiation were the con¬ 
ditions in the hematopoietic organs changed to a normal condition. 
The effect of the treatment is essentially degenerative and inhibi- 
tive, but the essential leukemic process goes on unchecked, although 
greatly modified. The treatment is, therefore, not curative; and 
such a result we no longer expect from our clinical failures. 
In the first stages of the treatment the leukemic tissues show 
great degeneration and destruction of the white-cell-forming 
tissues. It may completely disappear from the spleen, and the 
processes of white-cell formation may be so inhibited that an 
aleukemic condition of the blood may result. After some months 
there arises a more undifferentiated leukoblastic tissue, particularly 
in the retroperitoneal hcmolymph nodes and in the bone-marrow; 
the leukemic condition of the blood may return or it may not. 
With an increasing cachexia the process may be terminated by 
symptoms of intoxication, or by some secondary event, as hemor- 
70 bloodgood: the early excision op cancer 
rhnge from the necrotic spleen. The chnnges in the kidney, which 
may be very marked (cloudy swelling, simple necrosis, and calcifi¬ 
cation), may also in part be responsible for the fatal termination. 
• In conclusion, prolonged irradiation of the hematopoietic organs 
in leukemia causes first a degeneration of the young and maternal 
cells, leading to a great decrease in the output of leukocytes, par¬ 
ticularly in myclemia. To this destructive effect there follows a 
reaction in which cells of a more resistant type are formed, and the 
essential leukemic process remains unchecked, although altered in 
character. 
CAN IT BE PROVED FROM CLINICAL AND PATHOLOGICAL 
RECORDS THAT THE NUMBER OF CURES OF CANCER WILL 
BE GREATLY INCREASED BY THE PROPER EXCISION 
IN THE EARLIEST PRECANCEROUS OR CANCER¬ 
OUS STAGE OF THE LOCAL DISEASE?1 
By Joseph Colt Bloodgood, M.D., 
ASSOCIATE PROYEBBOB OF BUHOEBT IN JOUN8 HOPKINS UNIVERSITY, BALTIMORE, MARYLAND. 
Clinical evidence lias gradually accumulated which demon¬ 
strates that we can increase the number of cures of mnlignant 
tumors. 
This evidence has been slow in accumulating, due to many 
factors. In the first place, patients have sought advice late; both 
surgeons and physicians in the past have delayed notion until 
the diagnosis of malignancy had become obvious clinically. 
In the beginning of surgery of neoplastic lesions the operation, 
except amputation for sarcoma, wa3 not radical enough, and 
unfortunately amputation for sarcoma rarely cured the truly 
malignant tumor, because in these cases metastases take place 
early, before the local symptoms are sufficiently grave to influence 
the patient to consent to amputation or to force the surgeon to 
this mutilating operation. 
Resection of the stomach for cancer by Billroth was perhaps 
the beginning of radical operations for malignant disease followed 
later by the complete operation for cancer of the breast (Holsted’s 
method, 1889). The better results of the latter operation ns com¬ 
pared with simple removal of the breast for cancer were soon known. 
As surgeons have operated more radically and as patients have 
sought advice earlier the number of cures of cancer and sarcoma 
has increased, 
In the past a radical operation was spectacular, bloody, involved 
1 Read before tbe American Association for Cancer Research, Washington, D. C., May, 1913. 
